Three studies were performed to investigate the ecacy of digital PowerPoint lecturing in undergraduate classrooms. In the ®rst study, students' opinion about PowerPoint lectures was surveyed after receiving all their lectures in one module in PowerPoint. Grades of one cohort were then compared with the grades of another taking the same test one year earlier. No signi®cant dierences were found. In another study, students received a mock test 1 week following: (1) an overhead lecture, (2) a PowerPoint lecture and (3) a PowerPoint lecture with lecture notes. There were no signi®cant dierences between the two PowerPoint lectures both of which resulted in higher grades than the overhead lecture. In the third study, two cohorts had two identical lectures, in a counterbalanced order, presented either with PowerPoint or by using overheads. The results revealed that the lecture diculty, but not the method of lecturing, contributed to the grade dierences on two mock tests. It is suggested that the ecacy of PowerPoint lecturing may be case speci®c rather than universal. 7
Introduction
The PowerPoint software, included in the`Microsoft Oce' package is a powerful presentation tool. Nowadays it has replaced the traditionally used colour slides and overheads Computers & Education 35 (2000) 175±187 0360-1315/00/$ -see front matter 7 2000 Elsevier Science Ltd. All rights reserved. PII: S 0 3 6 0 -1 3 1 5 ( 0 0 ) 0 0 0 3 0 -0 www.elsevier.com/locate/compedu third (1996/97) cohorts received the lectures with PowerPoint. All students were assessed with a 30-item multiple-choice test. However, the three cohorts did not receive the same test, although the format was identical. The results revealed that the two PowerPoint lecture groups achieved better grades than the traditional-lecture cohort (51.8 and 51.9% versus 43.5%). Further, students exposed to PowerPoint lecturing had a positive attitude towards the method. Some of the features that the 86 students in the 1996/97 cohort found specially appealing were: the use of a PC (43%), the visual aids (22%), presentation format (16%), lecture structure (16%) and clarity (12%). With the condition that some essential assumptions are met, (Lowry, 1999) study provides evidence for the bene®ts of PowerPoint lecturing on students' performance in higher education. These assumptions, which should be tested in future studies whenever possible, include: (1) the student cohorts are drawn from the same population, (2) the lecturing style and the lecture content are consistent, and (3) the assessment levels are comparable.
Based on the limited but promising evidence emerging from these few studies on PowerPoint lecturing, three inquiries were undertaken to evaluate further, the ecacy of this lecturing method in the higher education. The ®rst study aimed to examine three things. First, how the students in a Sports Science course at The Nottingham Trent University feel about PowerPoint lecturing. The second aim of this study was to identify what students would like to see in future PowerPoint lectures. Finally, the third goal of the ®rst study was to determine, whether this method of content delivery bene®ts their ®rst in-class test-performance at the university. In the second inquiry, students' performance on three mock-tests following lectures using overheads, a digital PowerPoint presentation and a digital PowerPoint presentation combined with the handing out of all the lecture notes were compared. Finally, in the third study, the possible mediating eects of the lecture diculty and students' preparation were examined. In this inquiry, two groups received two identical lectures in a counterbalanced order, one using PowerPoint and one using overheads only, 1 week apart.
Study I

Rationale and hypothesis
Some unique elements involved in PowerPoint lecturing could be expected to stimulate attention (Lowry, 1999) . These elements include colour, pacing through line-by-line or conceptby-concept presentation of the information,¯exibility for graphical interfacing, a well thought pre-organisation and easy variation of the size and the type of the fonts (Harknett & Cobane, 1997; Holzl, 1997) . Longer and deeper attention can bene®t students' learning as well as the lecturing atmosphere by reducing distraction (Evans, 1998) . Therefore, the replacement of the blackboards and overhead projectors with PowerPoint lectures was expected to be bene®cial for teaching and learning. The present study surveyed students' opinion in a Sport Science and Administration course about PowerPoint-based lectures in contrast to the traditional lectures. The operational de®nition for`traditional lectures' in the context of the current study was:`L ectures delivered without the signi®cant use of IT equipment other than overhead projectors and possibly the occasional use of an audio-visual (VHS and audio playback) apparatus.'' PowerPoint lectures were conceptualised as:``Lectures in which the content, and complementary diagrams or pictures, is presented electronically with the aid of the PowerPoint software. This is done with little or no reliance (unless it is necessary for the sake of the clari®cation of students' questions) on overhead projection or blackboard usage.'' The following two hypotheses were tested:
1. Students will prefer PowerPoint lectures in contrast to traditional lectures. 2. After four PowerPoint lectures students will achieve better grades, on their ®rst test at the university, than after four traditional lectures.
Method
One hundred and ®fty-®ve male and female students participated in this study. Students enrolled in the ®rst n 50 and the third year n 51 of their course have received all their lectures, in one of the modules, in PowerPoint format during the ®rst semester of the academic year 1998/99. These modules were`Motor Learning' for the ®rst year students and`Strength, Power and Endurance in Sport and Exercise' for the third year students. A group of second year students n 54 received one lecture, in`Social Psychology of Sport and Exercise', in PowerPoint to see whether opinions dier among those who are habituated to the method and those who experience it as a new and isolated out of the ordinary experience.
A Hi-Grade notebook computer and a Viglen PC, equipped with versions 7.0 and 4.0, respectively, of the PowerPoint software were used along with either a VGA portable or a ®xed digital projector. A ten-item questionnaire was designed and used to measure how the students feel about PowerPoint lecturing in contrast to traditional lectures. The 10 items were selected on the basis of the key elements of PowerPoint that were cited in the literature as possibly bene®cial for learning (Evans, 1998; Holzl, 1997; Lowry, 1999) . These elements are: attention capturing and maintenance, visual clarity, clear emphasis on key concepts, stimulation of interest, motivation to attend lectures, organisation of the delivery of the lectures, proper pacing of the delivery of the lectures, and understanding of the lecture material. A last question asked students whether they believed that PowerPoint lecturing is bene®cial to their learning. Another ten-item questionnaire was used to identify those aspects of PowerPoint slides that are the most appreciated by the students. This measure was taken with the intention of using the answers in the design of future PowerPoint lectures. The two questionnaires were presented on the same form after the students in years one and three have attended at least 10 lectures in which the material was delivered with the aid of the PowerPoint software. For the second year students, the questionnaires were presented immediately after their only experience of a PowerPoint lecture.
The questionnaires were given to all participants with computer-readable answer cards to facilitate later scoring. Students could complete the questionnaires anonymously if they so desired. The questions were rated on a ®ve-point agreement±disagreement scale that ranged from strongly agree to strongly disagree with a middle score of three indicating`uncertainty'. The ®rst questionnaire was used for comparing students' opinion about PowerPoint lectures in contrast to traditional lectures and was constructed with alternating positive and negative statements to avoid directional bias. For example, in the ®rst question students were asked to indicate whether PowerPoint lectures are more attention capturing than traditional lectures (positive direction). Then, in the second question they were asked to indicate whether PowerPoint lectures are less interesting than the traditional lectures (negative direction). The negative items were reversed for scoring.
The second questionnaire was not used for comparison purposes. It was simply devised to assess the most popular features of the PowerPoint lectures. The 10 items on each questionnaire are listed along with the obtained answers in Tables 1 and 2 .
Finally, to compare the perceived and the actual bene®ts of PowerPoint lecturing on learning performance, the ®rst year students' grades on the ®rst in-class test were compared to the grades obtained by students taking the same test in the same module in the previous year. This test was the ®rst test written by these students at the university in both academic years. The lecture material and the test questions were the same for the two cohorts. Regrettably, a similar comparison could not be done for the third year students, because their module was oered for the ®rst time in 1998/99.
Results and discussion
Given the descriptive and exploratory nature of the study, only percentages were calculated for the various answers. To obtain a preference (for PowerPoint) score the agree and strongly agree scores were combined. To generate a dislike (for PowerPoint) score the same principle was applied for the disagree and strongly disagree scores. As seen in Table 1 , over 90% of the students in the three cohorts believed that the new method is more attention capturing than the traditional method of lecturing. This trend in answers supports the theoretical arguments presented for the utility of PowerPoint in lecturing (Harknett & Cobane, 1997; Lowry, 1999) . In light of such arguments, it is possible that some of the¯exible features of PowerPoint, such as colour, variation in font, image, dynamic model building, or multimedia capabilities attract and/or maintain the students' attention. The students' enthusiasm for digital lecturing may also be due to the fact that PowerPoint lectures are better structured, (or were better structured in this study) hence the instructor could follow a well-organised path. However, it is also possible that PowerPoint lectures oer an`out-of-ordinary' or novel experience to students. In this case, the attention capturing power of the method could be expected to fade away once the novelty eect disappears.
Parallel to the attention capturing power of the method, over 85% of the three cohorts con®rmed that PowerPoint lectures are more interesting than traditional lectures. As with attention capturing power, it is hard to establish whether the method's features, its novelty, or both are the underlying cause for the pattern of these answers. The visual clarity and the emphasis on important concepts were also seen as an advantage for the method. However, the method was not so well praised when the pacing of the presentation for lecture note taking was considered. Such a trend in answers could be expected because the speed of the presentation, in relation to the amount of information projected, is independent of the method.
Over 65% of the students felt that the method is motivating them to come to the lectures. These armations support the ®ndings of Evans (1998) that PowerPoint lectures help in increasing attendance rate at lectures. A better structuring of the lectures was armed by 82% of the students in the three cohorts, which, along with the greater attention paid to lectures, may help students better understand the material which in turn can be a source of motivation for lecture attendance. Indeed, previous studies that have experimented with PowerPoint have con®rmed that the organisation and structure of the method can bene®t students' learning (Holzl, 1997; Lowry, 1999) . The bene®t for students' learning is perhaps the most vital issue in assessing electronic lecturing in education. In this preliminary study, about 75% of students (88% of the ®rst year students) felt that PowerPoint lectures were bene®cial for their learning. To determine how bene®cial PowerPoint lecturing was in learning, in reality, test results from an objective test, given after the ®rst four lectures in Motor Learning module, were compared to the test results obtained by students in the previous year. In contrast to the hypothesised result, no signi®cant dierences between the two test results were found (mean = 19.5/30 SD = 3.8 in 1997/98 and mean = 19.9/30 SD = 3.4 in 1998/99). Albeit these ®ndings are in contrast to previous reports (Evans, 1998; Lowry, 1999) , it should be emphasised that conditions leading to the test and the test given to the students were assumed to be identical. For example, the same lecturer delivered the same material. However, the experience and presentation style of the lecturer could have changed. Further, it is not impossible that students in the previous year had dierent academic abilities than those enrolled in the current year. Therefore, the assumption that the only dierence between the 1997/1998 and the 1998/1999 cohort of students was the method of lecturing (i.e., overheads in 1997 vs. PowerPoint in 1998), may be questionable. Overall, the results of this study suggest that digital PowerPoint lecturing is perceived by the students as bene®cial for learning, but the actual grades do not support this in this claim.
The second questionnaire used in this study provided an insight into the features that students appreciate in PowerPoint lectures. As illustrated in Table 2 , the ®ve most appreciated components of the method were: (1) variation of the fonts, (2) the use of illustrations, (3) a preference for light background, (4) the use of colours, and (5) the line-by-line projection of the lecture concepts. The ®nding that 72% of all respondents wanted to see PowerPoint adopted in all modules also re¯ects students' appreciation of the method. However, it is hard to determine whether such a desire emerges from personal needs for better education or for better entertainment.
Study II
Rationale and hypothesis
Since the attention commanding feature of PowerPoint software (Holzl, 1997; Lowry, 1999) should result in better retention from one week to another, it was expected that students would obtain better overall grades on a series of three mock tests. Furthermore, since the elimination of note taking can help students to pay more attention to the lecture, it could be expected that PowerPoint in combination with the distribution of all lecture notes will result in improved retention. Therefore, it was hypothesised that PowerPoint lectures will yield better retention than overhead lectures. Further, it was presumed that PowerPoint lectures combined with the handing out of all the lecture notes will yield the best performance 1 week later on a ten-item multiple-choice mock test.
Method
Fifty-two second year students taking a compulsory`Research Methods in Sports and Exercise' module took part in the study. Students were blind to the hypothesis without being subjected to deception. Initially, they were told that a series of mock tests would be given at the beginning of the lectures to measure their understanding of the previous lecture. They were instructed to maintain their usual studying habits. After each test, the grades along with the right answers, were provided to the students. At the end of the study, a graphical illustration of class performance under three lecturing conditions was provided to all students.
The study lasted for three consecutive weeks from the start of semester two in 1999. Students had one 3-h lecture each week. The ®rst lecture was delivered with an overhead projector and some use of the blackboard. The second and third lectures were delivered using PowerPoint 7.0 software installed on a Hi-Grade Notino MI3000 notebook from which it was projected to a screen via a portable remote controlled VGA projector. The only dierence between the second and the third lectures was that at the beginning of the third lecture, students were given the lecture notes printed through PowerPoint. All the lectures lasted for 150 min divided into two halves by a break. The lecturing speed and number of questions stimulating interaction were maintained as consistent as possible across the three lectures. All the three lectures covered material of theoretical nature and a comparable number of key points were discussed in each lecture. One week after the lectures, a ten-item multiple-choice test was presented to students. All the three tests were presented with the aid of PowerPoint software. The tests were designed to be of approximately equal level of diculty by forming the questions around the 10 most important concepts covered in the previous lectures. Students had 60 s to select the right answer to each question from ®ve alternatives given and record their choice on a computer readable answer card. Ten seconds before the projection of the next question, students were asked to make a choice on the computer readable answer card if they had not done so already.
Results and discussion
The obtained data were analysed with repeated measures analysis of variance (ANOVA). Because some students did not attend one of the three lectures, the data analysis was restricted to those students who were present at all the three lectures. Consequently, the results obtained from 25 students writing all the three mock tests were included in the repeated measures ANOVA. The analysis yielded a statistically signi®cant dierence on the scores obtained on the three tests F2, 23 33X0, p`0X001). The post-hoc comparisons, using Bonferroni corrected paired t-tests, revealed that the results were due to dierent grades obtained on the overheadbased and PowerPoint-based lectures. However, the fact that students were given the lecture notes before the start of the class did not make a dierence (Fig. 1) .
The ®ndings from Study II indicate that PowerPoint lectures resulted in better performance on the multiple-choice test than overhead lectures. The fact that handouts did not yield a further increase in the students' performance may be attributed to a ceiling eect. Alternatively, the lecturing pace was comfortable and students could take notes without distraction to their attention.
Whilst these ®ndings suggest that PowerPoint lecturing appears to bene®t at least for retention they should be viewed cautiously. Many extraneous factors could have in¯uenced these data. For example, there was no control over the amount of study students did between the lectures and the diculty of the test question. Indeed, the mere number of questions and the fact that they revolved around the most extensively covered material in the previous lecture does not guarantee that they were equally dicult. The`perceived level of diculty' of the three lectures may have been dierent from the`planned level of diculty' which may have had an in¯uence on test performance. To investigate the dilemma with preparation and further lecture diculty, Study III was devised.
Study III
Rationale and hypothesis
Determining the eciency of lecturing method simply based on students' results after one PowerPoint and one overhead lecture may not be very reliable. Practice eects may aect these results. Further, the problem of consistency, with regard to the level of diculty of the lectures, remains unresolved. Another issue of concern in this type of investigation is that students' preparation for mock tests is unknown and no assumptions can be made in this regard. To address these issues of concern systematically, Study III was designed so that it could be assumed that the students prepared for the tests after both PowerPoint and overhead lectures. They were tested in practical sessions in which they could receive a real in-class quiz every week during semester two in 1999. Furthermore, since two groups were enrolled in these ®rst year`Sport and Exercise Psychology' practical sessions, one having the session on Mondays and one on Fridays, a counterbalanced design could be used. Obviously, under such conditions, learning and the role of the lecture medium in paving the road for learning, were tested rather than retention as in Study II.
Method
In Study III, two groups of students were tested twice, one week apart. The ®rst group was a ®rst year Sport Science cohort whilst the second group was a year one Combined Science (Biology and Sport) cohort. Both groups of students had to take the 20 Credit Point Units (CPU) Sport and Exercise Psychology Module in their second semester of their ®rst year of studies. A 3-h practical session was delivered at weekly intervals as part of this Module. The Sport students attended the practical sessions on Mondays between 9.00 am and 12.00 pm whilst Combined Science students attended it on Fridays from 1.00 pm to 4.00 pm. There were about 50 students in each group. Sixty-nine students completed the study by being present at both lectures (42 Sport Science students and 27 Combined Science students).
An overhead projector, a Viglen Pentium PC and a digital VGA projector were the technical equipment used in this study. Students in the two groups received an overhead and a PowerPoint lecture that represented the ®rst 30 min of the practical session, in a counterbalanced order. The study ran over a period of two weeks, comprising two practical sessions in Sport and Exercise Psychology for both groups of participants. The Sport Science students received the PowerPoint based instruction on Monday week 1 whilst the Combined Science group received it on Friday week 2. The overhead based lectures were delivered on Friday week 1 for the Combined Science group and on Monday week 2 for the Sport Science group. One week after the respective lectures, students answered a ten-item multiple-choice test as in Study II on computer readable answer cards.
Results and discussion
The answer cards were computer-read and the grades were entered in Excel spreadsheets from where they were transferred into an SPSS (Statistical package for Social Sciences) statistical spreadsheet for subsequent analyses. Data were analysed with a group (Sport Science and Combined Science) by lecture (PowerPoint and overhead) repeated measures ANOVA. This analysis yielded a signi®cant group main eect F1, 67 18X0, p`0X001 indicating that the Sport Science students performed better on the two mock tests than Combined Science students and a signi®cant group by lecture interaction F1, 67 49X1, p`X0001). The further analyses of the interaction, with Bonferroni corrected t-tests, revealed that the Sport Science students performed better on the PowerPoint lecture-based test t41 6X53, p`0X001 whilst the Combined Science students performed better in the overhead lecture-based test t26 3X95, p`0X001). Consequently, both groups performed better on the test based on the lectures delivered in week 1 than on the test based on the lectures delivered in week 2 (Fig. 2) .
These results show that lecture diculty can make a dierence. In Study III, using a counterbalanced research design, the superiority of the PowerPoint lectures in contrast to the traditional overhead lectures could not be demonstrated. 
General discussion
At the doorsteps of the new millennium, higher education faces a technological revolution that prompts changes in teaching and learning. These changes can be either transitional or transformational. The former are changes in methods of teaching whilst the latter are changes in aims, methods, and functional philosophies (Bergquist, 1992) . In this research, three studies were performed to evaluate transitional changes in lecture delivery by replacing blackboard teaching with electronic lectures. Albeit there is some justi®cation for using PowerPoint lectures (Holzl, 1997) and some evidence, based on students' learning, may lend support for such a transition (Evans, 1998; Lowry, 1999) , the ®ndings obtained in two out of three studies reported here do not support the need for an urgent motion for a transition from traditional to electronic lectures. Generally, it appears that PowerPoint lectures, at least in some circumstances, mainly add to the entertainment rather than to the education of the students.
At this time, the amount of research on PowerPoint lecturing is very scarce. With regard to students' performance, optimistic results were obtained only in Study II. In this study, mere retention was tested. If the number of lecture concepts were indeed comparable, as it was intended, then it can be claimed that PowerPoint lectures may be better for (memory) retention or recall than overhead lectures. This conjecture is in accord with Harknett and Cobane (1997) who suggested that some distinctive features of PowerPoint lectures, such as colour, could contribute to better recall. However, in Study II no control existed over the level of diculty of the three lectures. Further, students' preparation could not be estimated. Could it be possible that PowerPoint lectures stimulate interest and, consequently stimulate independent learning? These questions remain unanswered. Hence, the ®ndings from Study II should be viewed as tentative until more studies that are systematic are carried out.
In contrast to previous reports, the results emerging from Study I and Study III failed to support the notion that PowerPoint lectures bene®t students' learning as based on assessment grades. In comparison to the study reported by Evans (1998) , the academic subjects taught were relatively similar as neither Motor Learning nor Sport and Exercise Psychology are too far from General Psychology. The size of the groups was also comparable. Yet, the ®ndings were dierent. The dierences may be related to possible inequality of the groups in Study I here and in Evans' study. If a two-group counterbalanced design like the one in Study III here, is not adopted, the dilemma with equality of the groups could always be present (Lowry, 1999) . This dilemma is accentuated by the results of Study III in which the two groups tested have shown dierent academic performance, regardless of the lecturing method used.
Consequently, if one group had received only the traditional lecture whereas the other only the electronic lecture, the wrong conclusion based on students' grades would have been deduced. Based on these results, it can be recommended that a semester-long counterbalanced design be adopted in the further exploration of the bene®ts of PowerPoint lecturing on students' learning.
Apart from possible bene®ts on recall, no signi®cant advantages to PowerPoint lecturing were found in the series of three studies. The survey results obtained in Study I, however, clearly indicate that students like PowerPoint as a lecturing method. Their preference for PowerPoint lectures, in contrast to their beliefs, is not accompanied by better academic performance. It appears that the novelty of PowerPoint is entertaining for students. These results only pertain to instruction where the delivery system places emphasis on`process' with unspeci®ed objectives (Heywood-Everett, 1991) . Indeed, in the series of studies reported here, only the mere switch between the traditional and the novel electronic method was tested. This switch does not result in signi®cantly better learning. However, such ®ndings do not invalidate the thought that PowerPoint can bene®t learning in speci®c circumstances, where the objectives are better achieved with electronic lecturing.
The challenge in the new millennium is not to entertain students, that can be achieved with PowerPoint as based on the results from Study I, but to improve or to facilitate learning (Sipress, 1995) . Based on the studies reported here, and in accord with theoretical conjectures (LeDuc, 1996) , there is little or no advantage in lectures where simply the process or the delivery medium is changed.
Conclusions
The mere replacement of the blackboard with electronic lectures delivered via PowerPoint does not result in superior academic performance in Psychology related modules as based on graded assessments. It appears, however, that PowerPoint lecture may bene®t recall (or perhaps recognition) from memory. PowerPoint could be useful in speci®c instruction where dynamic models, animation, and variation of colour may de®nitively help in the better illustration of the key concepts. Thus PowerPoint should not be viewed as a replacement for the blackboard, but rather as an ecient auxiliary medium, that can improve learning. Otherwise, PowerPoint will only entertain, rather than educate, students.
